(RECEIVED FOR PUBLICATION NOVEMBER 12, 1958) The blood supply of living tissue can be cut off for varying lengths of time without permanent damage to function, depending upon the complexity of the tissue involved. Ischaemia of the brain produces permanent damage in a few minutes, but ischaemia of voluntary muscle can be tolerated for two to three hours. In our experience the human heart will restart and function normally after the coronary supply has been cut off for 30 minutes. A study of the effects of ischaemia on dog lung was made by Blades (1954; Blades, Beattie, Hill, and Thistlethwaite, 1952; Blades, Pierpont, Samadi, and Hill, 1954) , and he gave his view that after 30 minutes of ischaemia severe permanent effects on pulmonary function were likely, although viability of the lung was possible even after six hours' occlusion. Under certain emergency operative conditions the blood supply of the lung has been totally interrupted by us for longer than 30 minutes without any apparent permanent effects upon function, and it seemed that further investigation of the time of permissible ischaemia of the lung might be of value.
Although the lung has a dual blood supply it is difficult to determine to what extent persistence of pulmonary function depends upon each. Certain clinical observations, however, may be valuable in assessing this factor.
Under the circumstances of congenital atresia of the pulmonary artery, after closure of the ductus, the bronchial arteries and other systemic vessels become greatly enlarged and communicate extensively with the alveolar vascular system. The results are set out in Table I . Some anaesthetic difficulties were encountered during this series of experiments, but it will be seen that the dogs who were submitted to unilateral hilar occlusion up to 105 min. recovered satisfactorily. Of the seven dogs who had occlusion for two hours or more only two recovered. Three of the deaths of this latter series were due to an oedema of the left lung occurring immediately after release of the clamp. This produced flooding of the bronchial tree with a thin blood-stained secretion uncontrollable by suction.
Presumably the alveolar capillary permeability had been grossly altered by the length of time of the anoxia.
The ability of the occluded lung to oxygenate blood after release of the clamp appeared to remain reasonably satisfactory up to a period of two hours. The animals were, however, receiving a high percentage of oxygen in the anaesthetic apparatus under positive pressure, and it was probable that some gaseous exchange could take place across the alveoli under oedemic conditions until the exuded fluid in the bronchioles eventually "drowned" the alveoli.
STAGE II.-Out of the 16 original dogs, eight survived and were well enough to undergo the subsequent stage. In addition to the five dogs that died at the end of the operation, one dog died 48 hours after operation from pneumonia and two were sacrificed because of distemper (three days) and leptospirosis (15 days).
Survivors of stage I were submitted after an interval of three to four weeks to removal of the right lung, permitting them to live only upon the lung which had previously been rendered temporarily ischaemic. A right pneumonectomy was performed on these residual eight dogs and two died post-operatively, one from a pre-existing undiagnosed pneumonia and one from a bronchial leak.
Six dogs finally survived the two stages and lived for a period of three months on the lung which had been rendered ischaemic, one dog each of the periods three-quarters of an hour, one hour, one and a quarter hours, one and a half hours, one and three quarter hours, and two hours' ischaemia. These six survivors showed no weight loss, had satisfactory appetites, and were able to continue their normal activity once the post-operative stage had been passed. There was no gross clinical evidence of impairment of lung function although we unfortunately had not the facilities to obtain any scientific data to establish whether this was significantly greater than was to be expected after a normal pneumonectomy.
The surviving six dogs were finally sacrificed at the end of three months. Although the application of animal experiments to humans must be accepted with some reserve, it is probable that the lung can be rendered ischaemic for one hour and possibly a little longer without obvious functional damage, thus permitting the surgical procedures cited at the beginning of this paper to be undertaken with greater leisure. SUMMARY
In dogs one lung was rendered totally ischaemic for periods of half to two and a half hours, and the oxygenating function studied at the end of this period.
In surviving dogs, the contralateral lung was removed after a period and the animal allowed to recover and live on the lung previously rendered ischaemic.
Total ischaemia of the lung appears to be tolerated for a period of at least one hour without obvious permanent loss of pulmonary function.
